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PREFACE 


1.  The  Corps  of  Engineers,  through  its  Civil  Works  program,  has  spon- 
sored, over  the  past  23  years,  research  into  the  behavior  and  characteris- 
tics of  tidal  inlets.  The  Corps'  interest  in  tidal  inlet  research  stems 
from  its  responsibilities  for  navigation,  beach  erosion  prevention  and 
control,  and  flood  control.  Tasked  with  the  creation  and  maintenance  of 
navigable  U.S.  waterways,  the  Corps  dredges  millions  of  cubic  yards  of 
material  each  year  from  tidal  inlets  that  connect  the  ocean  with  bays, 
estuaries,  and  lagoons.  Design  and  construction  of  navigation  improve- 
ments to  existing  tidal  inlets  are  an  important  part  of  the  work  of  many 
Corps'  offices.  In  some  cases,  design  and  construction  of  new  inlets  are 
required.  Development  of  information  concerning  the  hydraulic  character- 
istics of  inlets  is  important  not  only  for  navigation  and  inlet  stability, 
but  also  because  inlets,  by  allowing  for  the  ingress  of  storm  surges  and 
egress  of  flood  waters,  play  an  important  role  in  the  flushing  of  bays 
and  lagoons. 

2.  A research  program,  the  General  Investigation  of  Tidal  Inlets 
(GITI) , was  developed  to  provide  quantitative  data  for  use  in  design 

of  inlets  and  inlet  improvements.  It  is  designed  to  meet  the  following 
obj  ectives : 

To  determine  the  effects  of  wave  action,  tidal  flow,  and  related 
phenomena  on  inlet  stability  and  on  the  hydraulic,  geometric,  and 
sedimentary  characteristics  of  tidal  inlets;  to  develop  the  knowl- 
edge necessary  to  design  effective  navigation  improvements,  new 
inlets,  and  sand  transfer  systems  at  existing  tidal  inlets;  to 
evaluate  the  water  transfer  and  flushing  capability  of  tidal 
inlets;  and  to  define  the  processes  controlling  inlet  stability. 

3.  The  GITI  is  divided  into  three  major  study  areas:  (a)  inlet 

classification,  (b)  inlet  hydraulics,  and  (c)  inlet  dynamics. 

a.  Inlet  Classification.  The  objectives  of  the  inlet  classifi- 
cation study  are  to  classify  inlets  according  to  their  geometry,  hydrau- 
lics, and  stability,  and  to  determine  the  relationships  that  exist  among 
the  geometric  and  dynamic  characteristics  and  the  environmental  factors 
that  control  these  characteristics.  The  classification  study  keeps  the 
general  investigation  closely  related  to  real  inlets  and  produces  an 
important  inlet  data  base  useful  in  documenting  the  characteristics  of 
inlets. 


b.  Inlet  Hydraulics.  The  objectives  of  the  inlet  hydraulics 
study  are  to  define  tide-generated  flow  regime  and  water  level  fluctua- 
tions in  the  vicinity  of  coastal  inlets  and  to  develop  techniques  for 
predicting  these  phenomena.  The  inlet  hydraulics  study  is  divided  into 
three  areas:  (1)  idealized  inlet  model  study,  (2)  evaluation  of  state- 

of-the-art  physical  and  numerical  models,  and  (3)  prototype  inlet 
hydraulics. 
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(1)  The  Idealized  Inlet  Model.  The  objectives  of  this 
model  study  are  to  determine  the  effect  of  inlet  configurations  and 
structures  on  discharge,  head  loss  and  velocity  distribution  for  a num- 
ber of  realistic  inlet  shapes  and  tide  conditions.  An  initial  set  of 
tests  in  a trapezoidal  inlet  was  conducted  between  1967  and  1970.  How- 
ever, in  order  that  subsequent  inlet  models  are  more  representative  of 
real  inlets,  a number  of  "idealized"  models  representing  various  inlet 
morphological  classes  are  being  developed  and  tested.  TTie  effects  of 
jetties  and  wave  action  on  the  hydraulics  are  included  in  the  study. 

(2)  Evaluation  of  State-of-the-Art  Modeling  Techniques. 

The  objectives  of  this  part  of  the  inlet  hydraulics  study  are  to  deter- 
mine the  usefulness  and  reliability  of  existing  physical  and  numerical 
modeling  techniques  in  predicting  the  hydraulic  characteristics  of  inlet- 
bay  systems,  and  to  determine  whether  simple  tests,  performed  rapidly  and 
economically,  are  useful  in  the  evaluation  of  proposed  inlet  improvements. 

Masonboro  Inlet,  North  Carolina,  was  selected  as  the  prototype  inlet  which 
would  be  used  along  with  hydraulic  and  numerical  models  in  the  evaluation 
of  existing  techniques.  In  September  1969  a con^Jlete  set  of  hydraulic 
and  bathymetric  data  was  collected  at  Masonboro  Inlet.  Construction  of 
the  fixed-bed  physical  model  was  initiated  in  1969,  and  extensive  tests 
have  been  performed  since  then.  In  addition,  three  existing  numerical 
models  were  applied  to  predict  the  inlet's  hydraulics.  Extensive  field 
data  were  collected  at  Masonboro  Inlet  in  August  1974  for  use  in  evaluat- 
ing the  capabilities  of  the  physical  and  numerical  models. 

(3)  Prototype  Inlet  Hydraulics.  Field  studies  at  a number 
of  inlets  are  providing  information  on  prototype  inlet-bay  tidal  hydraulic 
relationships  and  the  effects  of  friction,  waves,  tides,  and  inlet  mor- 
phology on  these  relationships. 

a.  Inlet  Dynamios.  The  basic  objective  of  the  inlet  dynamics 
study  is  to  investigate  the  interactions  of  tidal  flow,  inlet  configura- 
tion, and  wave  action  at  tidal  inlets  as  a guide  to  improvement  of  inlet 
channels  and  nearby  shore  protection  works.  TTie  study  is  subdivided 
into  four  specific  areas:  (1)  model  materials  evaluation,  (2)  movable- 

bed  modeling  evaluation,  (3)  reanalysis  of  a previous  inlet  model  study, 
and  (4)  prototype  inlet  studies. 

(1)  Model  Materials  Evaluation.  This  evaluation  was  initi- 
ated in  1969  to  provide  data  on  the  response  of  movable-bed  model  mate- 
rials to  waves  and  flow  to  allow  selection  of  the  optimum  bed  materials 
for  inlet  models. 

(2)  Movable-Bed  Model  Evaluation.  The  objective  of  this 
study  is  to  evaluate  the  state-of-the-art  of  modeling  techniques,  in 
this  case  movable-bed  inlet  modeling.  Since,  in  many  cases,  movable-bed 
modeling  is  the  only  tool  available  for  predicting  the  response  of  an 
inlet  to  improvements,  the  capabilities  and  limitations  of  these  models 
must  be  established. 
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(3)  Reanalysis  of  an  Earlier  Inlet  Model  Study.  In  1975, 

a report  entitled,  "Preliminary  Report:  Laboratory  Study  of  the  Effect 

of  an  Uncontrolled  Inlet  on  the  Adjacent  Beach,"  was  published  by  the 
Beach  Erosion  Board  (now  CERC) . A reanalysis  of  the  original  data  is 
being  performed  to  aid  in  planning  of  additional  GITI  efforts. 

(4)  Prototype  Dynamics.  Field  and  office  studies  of  a 
number  of  inlets  are  providing  information  on  the  effects  of  physical 
forces  and  artificial  improvements  on  inlet  morphology.  Of  particular 
importance  are  studies  to  define  the  mechanisms  of  natural  sand  bypassing 
at  inlets,  the  response  of  inlet  navigation  channels  to  dredging  and 
natural  forces,  and  the  effects  of  inlets  on  adjacent  beaches. 

4.  This  study  presents  the  results  of  an  office  study  of  available 
field  data  collected  at  Port  Mansfield  channel,  Texas,  from  construction 
in  1957  to  1975.  The  study  constitutes  a part  of  Prototype  Dynamics 
discussed  above. 
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C0^VERS10^  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


U.S.  customary  units  of 
units  as  follows: 

measurement  used  in  thi> 

! report  can  be  converted  to  metric  (SI) 

Multiply 

by 

To  obtain 

incites 

25.4 

millimeters 

2.. 54 

centimeters 

S(|uare  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

stjuare  feet 

0.0929 

sijuare  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

acres 

0.4047 

hectares 

foot-pounds 

1.35.58 

newton  meters 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  totis 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.1745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins' 

'To  obtain  Olsiua  (C)  temperature  readings  from  Fahrenlieit  (F)  readings,  us»‘  formula:  C = (•)/*))  (F  — T2). 
To  obtain  Kelvin  (K)  readings,  use  formula:  K = (5/9)  (F’  — 32)  +273.15. 


A CASE  HISTORY  OF  PORT  MANSFIELD  CHANNEL,  TEXAS 


hy 

James  M.  Kieslich 
I . INTRODUCTION 

The  IVillacy  County  Navigation  District  in  September  1957  dredged  a 
43,000-foot-Iong  (13,106  meters)  channel  from  the  Gulf  Intracoastal 
Waterway  near  Port  Mansfield,  Texas,  through  the  lagoon  and  barrier  is- 
land system  to  the  Gulf  of  Mexico  (Fig.  1).  A pair  of  parallel  jetties 
was  constructed  at  the  gulf  entrance  to  the  channel.  Since  the  initial 
dredging,  the  channel  has  shoaled  at  the  gulf  end  and  the  beaches  on 
both  sides  of  the  channel  entrance  have  undergone  significant  changes. 

This  report  presents  the  results  of  an  analysis  of  the  behavior  and 
characteristics  of  Port  Mansfield  channel,  and  provides  useful  informa- 
tion to  engineers  concerned  with  inlet  design  procedures,  and  to  scien- 
tists involved  in  studies  of  coastal  and  tidal  inlet  processes. 

II.  REGIONAL  SETTING 

The  predominant  feature  of  the  lower  Texas  coast  is  the  almost  con- 
tinuous chain  of  barrier  islands  (Fig.  1).  Padre  Island,  115  miles 
(185  kilometers)  in  length,  is  the  longest  of  these  natural  coastline 
features,  extending  from  Corpus  Christi  Bay  to  Brazos  Santiago  Pass.  In 
the  Port  Mansfield  channel  area.  Padre  Island  is  about  5,000  feet  (1,524 
meters)  wide  and  varies  in  elevation  from  2 to  16  feet  (0.61  to  4.88 
meters)  above  mean  low  water  (MLW) . Sand  dunes  back  the  gulf  beaches  in 
this  area  and  extensive  grass  fields  and  mudflats  comprise  the  area 
separating  the  sand  dunes  from  the  interior  bay.  Laguna  Madre. 

Laguna  Madre  is  a narrow  lagoon  extending  for  118  miles  (189.90  kilo- 
meters) from  the  Encinal  Peninsula  at  Baffin  Bay  to  Port  Isabel,  Texas; 
depths  in  the  lagoon  range  from  1 to  9 feet  (0.30  to  2.74  meters).  The 
lagoon  is  effectively  divided  into  two  bays  by  extensive  mudflats  20  miles 
(32.19  kilometers)  north  of  Port  Mansfield  channel.  Generally,  the  only 
connection  between  these  bays  is  the  Gulf  Intracoastal  Waterway  dredged 
through  the  mudflats.  The  southern  bay  covers  an  area  of  about  280 
square  miles  (725  square  kilometers)  and  the  northern  part,  including 
Baffin  Bay,  covers  about  215  square  miles  (557  square  kilometers). 

Port  Mansfield  channel  is  located  in  an  area  known  as  the  Lower  Rio 
Grande  Valley  which  has  a subtropical,  senuarid  climate,  characterized 
by  short,  mild  winters  and  long,  hot  summers.  The  average  annual  tem- 
perature is  approximately  74°  Fahrenheit  (23°  Celsius),  although  daily 
temperatures  of  100°  Fahrenheit  (38°  Celsius)  are  not  uncommon  in  the 
western  regions  of  the  valley  during  the  summer  (Orton,  1967). 

The  average  annual  rainfall  in  the  Port  Mansfield  area  is  18  inches 
(45.72  centimeters),  with  the  greatest  amounts  of  precipitation  from 


thunderstorms  and  hurricanes.  The  maximum  average  monthly  rainfall  of 
4.65  inches  (11.81  centimeters)  occurs  in  September;  the  minimum  average 
monthly  rainfall  is  1.15  inches  (2.92  centimeters)  in  February  (Orton, 
1967) . 

The  predominant  wind  directions  in  the  Lower  Rio  Grande  Valley  are 
southeast,  south-southeast,  north,  and  north-northeast.  Winds  from  the 
south  and  south-southeast  occur  41  percent  of  the  time  and  have  a mini- 
mum monthly  frequency  of  occurrence  of  26  percent  during  December 
(Orton,  1967).  Winds  from  the  north  and  north-northeast  are  generally 
associated  with  the  passage  of  strong  frontal  systems  which  occur  pri- 
marily between  November  and  February. 

Hurricanes  are  important  agents  in  the  climatic  complex  of  the  lower 
Texas  coast;  the  greatest  effects  to  the  nearshore  environment  result 
from  wind-driven  waves  and  storm  surges.  Hurricanes  Carla  (1961)  and 
Beulah  (1967)  played  a major  role  in  sediment  transport  in  the  Port 
Mansfield  channel  area. 

The  dominant  direction  of  wave  approach  at  Port  Mansfield  channel_  is 
from  the  southeast,  with  a mean  significant  deepwater  wave  height,  Hg , 
of  3.5  feet  (1.07  meters)  and  a mean  significant  wave  period,  Tg , of 
6 seconds  (Bretschneider  and  Gaul,  1956).  The  second  major  direction  of 
wave  approach  is  from  the  northieast , with  a mean  deepwater  Hg  of  3.5 
feet  (1.1  meters)  and  a mean  Tg  of  5.5  seconds.  These  two  predominant 
directions  of  wave  approach  correlate  with  the  predominant  local  wind 
directions  discussed  earlier.  The  mean  significant  deepwater  wave  height 
and  period  for  each  major  onshore  direction  are  shown  in  Figure  2. 

The  tides  at  Port  Mansfield  channel  are  chiefly  diurnal,  with  some 
mixed  semidiurnal  periods.  The  average  diurnal  tidal  range  at  the  gulf 
entrance  to  Port  Mansfield  channel  is  1.40  feet  (0.43  meter).  The  mean 
tide  level  is  0.7  foot  (0.21  meter)  above  MLW.  Tidal  ranges  in  Laguna 
Madre  are  generally  less  than  0.5  foot  (0.15  meter)  except  near  inlets. 

; Sustained  winds  from  the  south  can  cause  water  levels  in  Laguna  Madre  to 

i increase  1 to  2 feet  (0.30  to  0.61  meter)  above  normal  level  for  2 weeks 

j or  longer  (Hansen,  1960). 

III.  CHANNEL  DESIGN  AND  CONSTRUCTION 

Port  Mansfield  channel  was  originally  dredged  through  Padre  Island  in 
September  1957  to:  (a)  Provide  a navigable  outlet  to  the  Gulf  of  Mexico 

for  commercial  and  recreational  vessels,  and  (b)  enhance  the  seasonal 
migrations  of  fish  populations  between  the  Laguna  Madre  and  the  Gulf  of 
Mexico  (Texas  Game  and  Fish  Commission,  1956). 

The  channel  was  dredged  10  feet  (3.05  meters)  deep,  with  a bottom 
width  of  100  feet  (30.48  meters),  from  the  Gulf  Intracoastal  Waterway  to 
the  gulf  side  of  Padre  Island  (Fig.  3);  from  this  point  to  the  16-foot 
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Figure  2.  Summary  of  annual  average  deepwater  wave  statistics  for  Port 
Mansfield,  Texas. 
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removed  from  Laguna  Madre  was  placed  in  equally  spaced  piles  750  feet 
(228.6  meters)  south  of  the  channel  (Fig.  4),  anticipating  its  use  as  fill 
material  for  a proposed  causeway  connecting  Padre  Island  with  the  mainland 
(Texas  Game  and  Fish  Commission,  1956).  A 1-mile-wide  gap  in  the  dredged 
material  near  the  Gulf  Intracoastal  Waterway  was  designed  to  provide  for 
the  free  flow  of  water  within  Laguna  Madre  and  also  to  permit  easy  pas- 
sage for  migrating  fish  (Texas  Game  and  Fish  Commission,  1956). 

The  material  dredged  from  Padre  Island  was  used  to  construct  levees 
on  the  island  along  the  north  and  south  sides  of  the  channel.  The  levees 
had  a minimum  crest  elevation  of  8 feet  (2.44  meters)  above  MLW  and  were 
offset  700  feet  (213.36  meters)  from  the  channel  centerline  to  provide 
protection  from  deposition  resulting  from  storm  tides  (IJ.S.  Army  Kngineer 
District,  Galveston,  1958).  The  photo  in  Figure  4 shows  the  levees. 

Gulf  entrance  jetties  were  constructed  parallel  to,  and  offset  500  feet 
(152.40  meters)  from  the  channel  centerline  (Fig.  5).  The  north  jetty 
extended  seaward  approximately  1,600  feet  (487.68  meters)  to  the  15-foot 
(4.57  meters)  depth  contour;  the  south  jetty,  about  900  feet  (274.32 
meters)  long,  extended  to  the  10-foot  (3.05  meters)  depth  contour 
(Hansen,  1960).  The  crown  elevation  of  both  jetties  was  approximately 
5 feet  (1.52  meters)  above  MLK  (Hansen,  1960).  Precast  concrete  tetra- 
pods  weighing  5,  8,  and  16  tons  were  used  to  construct  each  jetty  because 
their  porosity  (about  50  percent)  enhanced  migration  of  small  fish  through 
the  jetty  (Texas  Game  and  Fish  Commission,  1956).  Local  interests  con- 
sidered longshore  transport  rates  to  be  small  enough  to  warrant  porous 
jetty  structures  (U.S.  Army  F.ngineer  District,  Galveston,  1958). 

Shortly  after  the  project  was  completed  in  September  1957,  storm 
wave  action  and  scouring  currents  caused  the  landward  ends  of  both  the 
north  and  south  jetties  to  be  flanked,  greatly  decreasing  their  effec- 
tiveness. Surveys  made  in  February  1958  to  determine  the  extent  of  damage 
to  the  channel  entrance  indicated  extensive  subsidence  of  the  jetties 
resulting  from  channels  scoured  2 to  4 feet  (0.61  to  1.22  meters)  below 
the  natural  bottom  along  both  sides  of  the  north  jetty  and  along  the 
channel  side  of  the  south  jetty  (Hansen,  1960).  At  the  shoreline,  the 
north  jetty  crown  was  from  3 to  7 feet  (0.91  to  2.13  meters)  underwater 
with  settlement  progressively  greater  seaward  (Hansen,  1960).  The  entire 
south  jetty  had  also  subsided  although  many  of  the  tetrapods  remained 
above  water.  This  rapid  subsidence  was  attributed  to  the  tetrapods  being 
placed  on  the  sandy  gulf  bottom  without  a stone  blanket  to  distribute  the 
load  and  prevent  erosion  (Hansen,  1960).  The  extensive  subsidence  of  the 
tetrapods  coupled  with  the  high-void  ratio,  permitted  rapid  slioaling  of 
the  channel  entrance.  The  channel  entrance  was  completely  closed  by 
.January  1961. 

On  9 September  1959,  Congress  authorized  Federal  improvements  and 
maintenance  of  the  Port  Mansfield  channel  and  jetty  system.  Construction 
on  the  new  channel  began  in  1960,  and  the  ocean  entrance  was  widened  and 
deepened.  From  stations  -10+00.00  to  -05+00.00  (negative  stations  are 
seaward  of  the  1957  shoreline),  the  authorized  project  dimensions  were  a 
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28-foot  (8.53  meters)  depth  and  a 25Q-foot  (76.2  meters)  bottom  width 
(Fig.  6);  between  stations  30+00.00  and  -05+00.00  the  dimensions  were  a 28- 
foot  (8.53  meters)  depth  and  a 100-foot  (30.48  meters)  bottom  width.  The 
channel  flared  to  a bottom  width  of  300  feet  (91.44  meters)  near  station 
20+00.00  to  provide  a turning  basin.  All  design  dimensions  were  deter- 
mined for  commercial  navigation  requirements  and  hydraulic  and  stability 
criteria  were  secondary  or  nonexistent.  From  stations  30+00.00  to 
400+00.00,  the  channel  was  dredged  to  a depth  of  18  feet  (5.49  meters) 
with  2,300,00  cubic  yards  (1,758,580  cubic  meters)  of  sand  removed.  The 
sand  dredged  from  Laguna  Madre  was  placed  in  the  disposal  area  designated 
in  1957.  The  material  placed  on  Padre  Island  was  used  to  repair  the  storm 
protection  levees  which  parallel  the  channel.  Sand  dredged  from  the  chan- 
nel entrance  was  placed  in  the  Gulf  of  Mexico  beyond  the  25-foot  (7.62 
meters)  depth  contour  where  it  was  felt  that  little  of  the  dredged  mate- 
rial would  return  to  the  channel . 


Impermeable,  rubble-mound  jetties  replaced  the  tetrapods  which  by  1962 
had  settled  completely  into  the  sandy  gulf  bottom.  The  new  north  jetty 
was  offset  450  feet  (137.16  meters)  from  the  channel  centerline  and 
extended  2,300  feet  (701.04  meters)  seaward  from  station  08+50.00  (Fig. 

6);  the  new  south  jetty  was  offset  550  feet  (167.64  meters)  from  the 
channel  centerline  aid  extended  2,270  feet  (691.9  meters)  from  station 
03+30.00.  Length  of  the  north  jetty  was  determined  by  its  requirements 
as  a breakwater;  length  of  the  south  jetty  was  primarily  determined  by 

anticipating  the  amount  of  sand  that  would  accumulate  on  the  beach  adja- 

cent to  the  jetty  during  a 10-year  period  (Hansen,  1960).  The  channel 
entrance  was  opened  in  May  1962.  In  1965,  riprap  revetment  was  tied 

into  the  toes  of  the  north  and  south  jetties  to  prevent  wave-induced 

erosion  of  the  shoreline  inside  the  jetties. 


IV.  LNLF.T  HYDRAULICS 


The  characteristics  and  configuration  of  Port  Mansfield  channel  are 
CO-. trolled  by  wave  action  and  by  the  flow  of  water  between  the  gulf  and 
Laguna  Madre.  The  quantity  of  water  exchanged  and  the  velocities  attained 
within  the  channel  are  dependent  upon  the  gulf  tidal  range,  bay  geometry, 
and  channel  hydraulic  resistance  characteristii^s. 

The  quantity  of  water  exchanged  through  the  inlet,  the  maximum  current 
velocities  attained  over  a tidal  cycle,  and  the  ratio  of  the  bay  to  ocean 
tidal  amplitude  are  used  in  this  section  to  determine  the  efficiency  of 
the  inlet  in  filling  and  draining  the  bay.  The  capability  of  the  inlet 
to  fill  the  bay  is  investigated  by  establishing  Keulegan's  (1967)  coeffi- 
cient of  repletion  for  the  inlet-bay  system.  Records  of  tide  gages  in- 
stalled in  the  Laguna  Madre  arc  used  to  define  the  surface  area  of  the 
bay  influenced  by  the  tide.  I'elocity  data  obtained  over  four  separate 
tidal  cycles  permit  accurate  determination  of  the  tidal  prism  for  the 
periods  of  measurement. 


1.  Tide  Data. 


Six  tide  gages  were  operated  in  1962  and  1963  at  the  locations  showTi 
in  Figure  3.  Records  from  the  Laguna  Madre  gages  were  analyzed  to  delin- 
eate the  effective  area  of  the  bay,  A , i.e.,  the  surface  area  of  the 

bay  influenced  by  tidal  exchange  through  the  channel.  Gages  A,  B,  and 
C showed  little  indication  of  diurnal  tidal  range,  and  thus  were  taken 
to  be  the  northern,  western,  and  southern  limits  (respectively)  of  the 
tidal  prism.  Gage  C was  moved  to  location  C-1  in  April  1963  and  for  some 
reason  the  fluctuations  of  gage  C-1  exceeded  those  at  location  C (Table 
1).  Based  on  these  limits  the  effective  area  of  the  bay  is  approximately 
2,2  X 10®  square  feet  (2.04  X 10^  square  meters).  This  value  may  be  too 
large  (perhaps  as  much  as  double  the  actual  value)  since  the  negligible 
tidal  ranges  over  several  months  at  gages  A,  B,  and  C indicate  that  the 
gages  are  outside  the  influence  of  the  tidal  prism.  Lack  of  additional 
bay  tide  gages  also  precluded  definition  of  the  bay  area  using  tidal 
discharge  measurements  and  bay  tidal  range  records. 


Table  1.  Mean  tidal  ranges  of 
Port  Mansfield  gages. 


Gage 

Mean  range 

A 

=====^=== 

Negligible 

B 

Negligible 

C 

Negligible 

C-1 

0.20  ft  (0,06  m) 

D 

0.85  ft  (0.26  m) 

F 

1,40  ft  (0.43  m) 

2.  Velocity  Data. 


A current  velocity  measuring  station  was  established  in  the  land-cut 
part  of  Port  Mansfield  channel  near  station  100+00.00  (Fig.  3).  This  cur- 
rent monitoring  station  was  used  to  obtain  current  measurements  over  four 
separate  25-hour  periods  during  1962  and  1963.  The  data  are  shown  in 
Appendixes  A to  D and  are  discussed  in  this  subsection.  The  tide  records 
did  not  indicate  any  significant  wind  setup  in  the  bay  during  any  of  the 
four  measurement  periods. 

Velocity  profiles  were  taken  on  12  and  13  May  1962  following  the  inlet 
opening  on  5 May,  Velocity  measurements,  a discharge  curve,  and  tidal 
data  for  this  period  are  given  in  Appendix  A and  summarized  in  Table  2. 

The  winds  during  this  period  were  from  the  southeast  with  an  average  speed 
of  about  17  miles  per  hour  (27.36  kilometers  per  hour).  The  data  show 
that  ebb  discharge  conditions  dominated,  with  a total  ebb-flood  discharge 
ratio  of  6.8.  The  maximum  velocity  occurred  during  ebb  discharge  and  was 
1.73  feet  per  second  (0.53  meter  per  second). 
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Tabic  2.  Suaaary  of  velocity  surveys  tor  Port  Mansfield  channel. 


Date 

Duration 

(h) 

Max  velocity 
(ft/5) 

Max  discharge 
rate  (ftVs) 

Tidal 
ft^  X 

prisa 

10’ 

Ratio 

Ebb-Flood 

Area  below 
MSL  (ft^) 

Flood 

Ebb 

Flood 

Ebb 

Flood 

Ebb 

Flood 

Ebb 

12  and  13  May  62 

5.5 

18.5 

0.80 

1.75 

2.500 

5,500 

3.92 

27.0 

6.9 

3,146 

1 and  2 Aug.  62 

14.0 

10.0 

1.10 

2.46 

3,200 

7,200 

9.58 

18.3 

1.9 

2,928 

16  and  19  Dec.  62 

13.0 

11.0 

2.67 

1.33 

8,000 

4,000 

19.60 

7.84 

0.4 

3,000 

12  and  13  June  63 

10.5 

13.5 

2.22 

2.40 

5,500 

6,000 

13.50 

22.2 

1.6 

2,471 

A second  series  of  velocity  measurements  in  the  channel  was  taken 
during  1 and  2 August  1962,  about  3 months  after  the  inlet  opening. 

During  this  period  the  prevailing  winds  were  from  the  southeast,  with  an 
average  speed  of  approximately  13  miles  per  hour  (20.92  kilometers  per 
hour).  The  data  for  this  survey  are  given  in  Appendix  B.  The  maximum 
velocity  was  2.46  feet  per  second  (0.75  meter  per  second)  during  ebb  flow; 
the  total  ebb- flood  discharge  ratio  of  1.9  indicated  ebb  flow  again  domi- 
nated. 

The  next  set  of  velocity  measurements  was  made  18  and  19  December  1962; 
the  data  are  given  in  Appendix  C.  Winds  for  this  period  averaged  12  miles 
per  hour  (19.31  kilometers  per  hour)  from  the  southeast.  The  maximum 
velocity  over  the  tidal  cycle  was  2.67  feet  per  second  (0.81  meter  per 
second)  during  floodflow.  Contrary  to  previous  conditions,  the  flood 
discharge  exceeded  ebb  as  indicated  by  an  ebb-flood  discharge  ratio  of 
0.4. 

The  final  velocity  measurements  in  the  channel  were  taken  the  follow- 
ing year  on  12  and  13  June  1963;  data  for  this  survey  period  are  presented 
in  Appendix  D.  The  maximum  velocity  over  the  tidal  cycle  was  2.4  feet 
per  second  (0.73  meter  per  second)  during  ebb  discharge.  The  ebb  dis- 
charge again  exceeded  the  flood  during  this  period  by  a ratio  of  1.6. 

3.  Determination  of  Keulegan  Repletion  Coefficient. 

One  of  the  most  general  and  easily  applied  approaches  to  the  problem 
of  tidal  flow  through  inlets  was  given  by  Keulegan  (1967).  Keulegan  con- 
sidered the  hydraulic  characteristics  of  a simplified  inlet-bay  system  to 
be  governed  by  the  "so-called  storage  law,"  and  made  the  following  sim- 
plifying assumptions  concerning  the  physical  conditions  of  the  inlet-bay 
system: 


(a)  The  ocean  tide  is  sinusoidal, 

(b)  the  inlet  channel  is  prismatic, 

(c)  the  inlet  depth  is  great  compared  to  the  tidal  range. 
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(d)  bay  walls  are  vertical. 


i 

j 
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(e)  inertia  of  the  flow  is  negligible,  and  no  density  cur- 
rents are  present, 

(f)  inflow  into  the  bay  from  other  sources  is  negligible, 

and 


(g)  the  length  of  the  bay  is  much  less  than  the  tidal  wave- 
length . 

By  simultaneous  application  of  the  equations  of  continuity  and  con- 
servation of  energy,  Keulegan  developed  an  expression  relating  the  time 
rate  of  change  in  the  bay  water  surface  elevation  to  the  instantaneous 
seawater  elevation.  The  expression  contained  a factor  which  he  termed 
coefficient  of  filling  or  repletion  that  expressed  the  inlet's  capability 
to  fill  and  empty  the  bay  during  a tidal  cycle.  This  repletion  coeffi- 
cient "summarizes  the  effects  of  the  channel  and  the  basin  dimensions, 
of  the  roughness  of  the  walls,  and  of  the  period  and  range  of  the  tidal 
fluctuations  on  the  limits  (and  phases)  of  the  water  level  changes  in 
the  basin"  (Keulegan,  1967).  An  accurate  determination  of  the  repletion 
coefficient  is  important  in  defining  the  hydraulics  and  stability  of 
tidal  inlets,  because  predictions  of  bay  water  surface  levels  are  affected 
by  changes  in  the  repletion  coefficient,  including  estimates  of  velocities 
through  the  inlet  and  the  phase  lag  of  the  bay  tide.  The  coefficient  of 
repletion,  K,  is  given  by: 


= 2^  / 2g 

2'TAgV  a^  (Kg^  + Kgx~^  f L/4R) 


(1) 


where; 


= inlet  cross-sectional  area  below  MSI.  (2,886  square  feet;  mean 
area  from  survey  in  Appendixes  A to  D) , 

= bay  area  in  square  feet  (2.2  by  10®), 

T = tidal  period  (86,400  seconds;  diurnal  tide), 

g = acceleration  of  gravity  (32.2  feet  per  second  squared). 


ag  = ocean  tidal  amplitude  (0.7  foot;  gage  F) , 


Kgn  = entrance  loss  coefficient  (0.1), 


Kgx  = exit  loss  coefficient  (1.0), 
f = Darcy  friction  factor  (0.03), 

L = inlet  length  (15,000  feet;  from  channel  entrance  through  tidal 
flats) , 
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R = hydraulic  radius  (14  feet;  mean  from  survey  in  Appendixes  A 
to  D) . 

Using  the  given  values  for  Port  Mansfield,  a Keulegan  coefficient  of 
0.57  is  computed,  indicating  that  filling  of  the  bay  will  be  inco^.rlete. 

Two  types  of  field  observations  are  available  to  validate  the  Keulegan 
coefficient,  K.  The  first  is  the  ratio  of  the  bay  tidal  amplitude,  a^j, 
to  the  ocean  tidal  amplitude,  a^ . The  ratio  of  a^/a^  is  a function  of 
K (Fig.  7)  and  for  K = 0.57,  a^j/a^  = 0.60.  Using  the  a^  determined 
from  gage  D of  0.43  foot  and  a^  from  gage  F of  0.700  yields  an  a^/a^ 
ratio  of  0.61. 


A second  independent  approximation  of  K can  be  made  using  the  maxi- 
mum velocities,  over  a tidal  cycle  (O'Brien  and  Dean,  1972): 


V 

^max 


1 '^rnax 
2tt  a^,  Ag 


(2) 


where:  '^max>  ^ dimensionless  maximum  velocity  coefficient,  is  a function 

of  K (Fig.  7)  and  for  K = 0.57,  = 0.49.  A mean  value  for  all 

of  1.84  feet  per  second  (0.67  meter  per  second)  from  Table  2,  and  a mean 
^(^  of  2,886  square  feet  (259.7  square  meters)  for  the  four  survey  periods 
yield  a 0.47.  Table  3 shows  the  percent  difference  from  the 

measured  parameters  and  those  predicted  from  K. 


Table  3.  Comparison  of  predicted  and  measured 
hydraulic  parameters. 


Comparison 

'^nax 

Predicted 

Actual 

("pet  difference,  igtual.-^redictedX 
V*  actual  by  100  / 

0.60  0.49 

0.61  0.47 

2 -4 

V.  SHORELINE  CHANGES  AND  CHA.NNEL  SHOALING 

This  section  summarizes  the  inlet  channel  and  adjacent  shoreline 
changes  from  1957  to  1975.  A detailed  discussion  of  short-term  changes 
and  related  figures  is  in  Appendix  E. 

As  shown  in  Figure  8,  a fillet  of  sand  on  the  south  (updrift)  side 
of  the  channel  accumulated  rapidly  from  the  original  shoreline  condition 
(1957)  to  the  time  of  completion  of  the  impermeable  jetties  (1962). 
Thereafter,  the  rate  of  migration  of  the  MHW  contour- j etty  intercept 
decreased  significantly.  By  1975  this  intercept  was  1,250  feet  (381 
meters)  seaward  of  the  original  shoreline. 


Repletion  Coefficient  ( K ) 


0.1  0.3  0.5  1.0  3 5 to 

Repletion  Coefficient  (K ) 


Figure  7.  Variation  of  and  V^  with  repletion 

coefficient,  K (O^Brien  aiw  Dean,  1972). 
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On  the  north  (downdriftj  side  of  the  channel,  landward  migration  of 
the  Mlllv  contour-jetty  intercept  generally  occurred,  with  a net  movement 
of  320  feet  (97.6  meters)  between  1957  and  1975.  Thus,  the  familiar  pat- 
tern of  accumulation  on  the  updrift  side  and  erosion  on  the  downdrift 
side  of  a Jettied  inlet  is  evident  at  Fort  Mansfield. 

As  discussed  previously,  the  length  of  the  south  jetty  was  determined 
primarily  by  estimating  the  amount  of  material  that  would  accumulate  in 
the  fillet  during  a 10-year  period,  based  on  an  estimated  net  northerly 
transport  rate  of  300,000  cubic  yards  (229,380  cubic  meters)  per  year 
(Hansen,  1960).  During  the  10  years  (1961-1971)  after  jetty  construction 
started,  the  advance  of  the  fillet  was  double  the  rate  predicted,  and 
the  actual  1971  MIIW  line  was  located  at  the  predicted  20-vear  position 
(Fig.  8). 

Details  of  changes  in  the  channel  hydrography  are  discussed  in  Appen- 
dix F.  using  fill  and  scour  maps  and  aerial  photos.  In  the  period  between 
the  initial  construction  of  the  channel  in  1957  and  the  completion  of  the 
Federal  project  in  1962,  slightly  over  1 million  cubic  yards  of  material 
accumulated  in  over  7 miles  of  channel  landward  of  the  gulf  shoreline. 

The  greatest  rate  of  deposition  occurred  in  the  land-cut  part  of  the  chan- 
nel where  material  was  carried  from  the  gulf  by  waves  and  currents  (Table 
4) . An  unknown  part  of  the  deposition  also  resulted  from  wind-blown  sand 
deposits.  Farther  landward  in  Laguna  Madre,  wind-driven  wave  and  currents 
probably  eroded  the  dredged  material  that  was  deposited  on  the  south  side 
of  the  channel  and  transported  the  material  into  the  channel  at  an  average 
rate  of  about  5 cubic  yards  per  year  per  foot  of  channel.  Unfortunately, 
data  are  not  available  to  calculate  the  deposition  rate  in  these  areas 
after  1962.  However,  maintenance  dredging  of  the  seaward  part  of  the 
channel  began  in  1962,  and  the  annual  dredged  volumes  are  given  in  Table 
5;  locations  and  dates  of  the  dredging  are  given  in  Appendix  E,  Table  E-3. 
Based  on  these  volumes,  and  assuming  that  the  amount  dredged  is  the  mini- 
mum amount  of  deposition  in  the  gulf  entrance  area,  an  average  annual  rate 
of  deposition  of  32  cubic  yards  per  year  per  foot  of  channel  was  computed. 
This  deposition  is  four  times  the  maximum  rate  of  the  interior  channel 
regions,  and  corresponds  to  a total  annual  rate  of  about  355,000  cubic 
yards  (271,433  culiic  meters)  per  year,  mostly  all  littoral  material  trans- 
ported to  the  inlet  by  wave  and  current  action. 

VI.  LONGSHORE  TRANSPORT 

Optimum  tidal  inlet  design  and  maintenance  require  adequate  knowledge 
of  the  longshore  transport  rate.  Estimates  of  this  rate  for  the  Port 
Mansfield  channel  area  are  developed  in  this  section. 

Hansen  (1960)  probably  gave  the  first  estimate  of  the  longshore  trans- 
port rates  for  the  Port  Mansfield  channel  area,  which  he  obtained  from 
maintenance  dredging  records  for  Brazos  Santiago  Pass.  Hansen  assumed 
the  shoreline  orientation  and  wave  energy  distribution  were  the  same  at 
both  sites,  and  reported  a net  northerly  transport  rate  of  300,000  cubic 
yards  per  year  (229,380  cubic  meters  jjcr  year). 
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Table  4.  Deposition  in  Port  Mansfield  Channel,  September  19S7  to 
April  1962. 


Amount  deposited  Deposition  rate 


yd^/yr/ft  m^/yr/ft 


Amount  deposited 

Station 

yd’ 

10+00  to  150+00 
(Padre  Island) 

512,960 

392,209 

lSO+00  to  320+00 
(eastern  Laguna  Madre) 

370,270 

283,108 

320+00  to  400+00 
(western  Laguna  Madre) 

223,120 

170,598 

Total 

Average 

1,106,350 

845,915 

Table  5.  Annual  maintenance 

dredging  in  gulfward 
channel  section, 

1962  to  1973. 


Amount  dredged 


1962 

1,238,000' 

946,000 

1963 

236,159 

180,560 

1964 

303,140 

321,780 

1965 

1 201,130 

153,780 

1966 

409,390 

313,450 

1967 

516,190 

394,680 

1968 

395,620 

302,490 

1969 

217,940 

166,640 

1970 

341,590 

261,180 

1971 

394,390 

301,550 

1972 

617,500 

472,140 

1973 

277,900 

212,480 

Total' 

3,910,980 

2,990,330 

* Initial  channel  dredging  not 
included  In  total  naintenance 
amount. 
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Another  estimate  of  the  longshore  transport  rate  is  determined  from 
the  longshore  component  of  energy  flux  in  the  surf  zone,  P,  which  can 
be  approximated  by  assuming  conservation  of  energy  flux  in  shoaling  waves, 
using  the  small-amplitude  wave  theory,  and  evaluating  the  energy  flux 
relation  at  the  breaker  position  (U.S.  Army,  Corps  of  lingineers.  Coastal 
Engineering  Research  Center,  1975). 

P is  given  by: 


P 


T U2  sin2afc 


(3) 


where : 

p = water  density  (2  slugs  per  cubic  foot) , 

g = acceleration  due  to  gravity  (32  feet  per  second  squared), 

T = wave  period  (seconds), 

lljj  = significant  wave  height  (feet), 

= refraction  coefficient, 

a^,  = angle  between  breaker  and  shoreline  (degrees), 
and 

p = in  foot-pound  per  foot-second. 


Using  the  wave  hindcast  data  by  Bretschneider  and  Gaul  (1956)  for  the 
Gulf  of  Mexico  off  Brownsville,  Texas,  and  equation  (3),  the  annual  long- 
shore components  of  energy  flux  were  calculated  (Table  6).  Since 
Bretschneider  and  Gaul  reported  significant  wave  height,  the  values  in 
Table  6 were  divided  by  two  because  values  computed  using  the  significant 
wave  height  are  approximately  twice  the  value  of  the  exact  energy  flux 
(U.S.  Army,  Corps  of  Engineers,  Coastal  Engineering  Research  Center,  1975). 


Table  6.  Longshore  components  of 
wave  energy  (foot-pound 
per  second  per  foot  of 
beach) . 


Components 

Values 

P (northward) 

83.7 

P (waves  from  north) 

01.8 

P net 

21.9 
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The  relationship  between  longshore  transport  rate,  Q,  cubic  yards 
per  year,  and  F is  given  by  (U.S.  Array,  Corps  of  Engineers,  Coastal 
Engineering  Research  Center,  1975): 

Q = 7500  P (4) 

Table  7 shows  the  estimated  longshore  transport  rate  for  Port  Mansfield 
channel  using  equation  (4). 


Table  7.  Estimated  longshore  transport 
rates  for  Port  Mansfield 
channel . 


Direction 

Rates 

yd  3/ yr 

m®/yr 

Q northward 

627,750 

480,000 

Q southward 

463,500 

354,392 

Q net  (to  north) 

164,250 

125,586 

Q gross 

1,091,250 

834 ,370 

VII.  INLET  STABILITY 

The  fill  and  scour  maps  and  aerial  photos  [Sec.  V)  indicate  the 
marked  tendency  of  Port  Mansfield  channel  to  fill.  Annual  dredging  has 
been  necessary  to  maintain  a navigable  channel.  With  this  documentation 
of  actual  inlet  instability,  several  analytical  methods  for  predicting 
channel  stability  can  be  tested. 

The  first  of  these  methods  uses  observed  channel  properties  to  estab- 
lish equilibrium  criteria.  Jarrett  (1976)  found  that  when  a gulf  coast 
inlet  was  in  equilibrium  with  its  hydraulic  environment,  the  area  of  the 
throat  was  related  to  the  tidal  prism  by: 

= S \ lO'**  p°-9‘+  , (5) 

where  Aq  is  the  minimum  flow  area  below  MSL  (square  feet),  and  P is 
the  tidal  prism  for  a spring  or  diurnal  range  (cubic  feet).  The  validity 
of  equation  (5)  may  be  questionable  for  small  gulf  inlets  such  as  Port 
Mansfield  Channel,  since  the  associated  maximum  velocity  is  significantly 
less  than  that  of  other  U.S.  coasts  due  to  the  diurnal  gulf  tide. 

The  four  velocity  surveys  discussed  in  Section  IV  yielded  an  average 
tidal  prism  of  1.52  X 10®  cubic  feet  (4.30  X 10®  cubic  meters).  There- 
fore, according  to  equation  (5),  the  equilibrium  throat  area  should  be 
3,730  square  feet  (347  square  meters).  A single  throat  cross  section 
was  available  for  May  1962,  immediately  after  the  channel  was  dredged, 
and  indicated  a cross-sectional  area  of  5,100  square  feet  (473.79  square 
meters).  Thus,  from  equation  (5)  it  appears  that  the  channel  was  dredged 
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too  large  for  the  tidal  prism  to  maintain  the  cross-sectional  area,  which 
caused  the  observed  deposition. 


Bruun  and  Gerritsen  (1960)  presented  a second  method  to  channel  sta- 
bility which  related  the  tidal  prism,  P (in  cubic  yards),  to  the  net 
longshore  transport,  M (in  cubic  yards  per  year),  by  the  ratio  P/M. 
Channels  having  a value  of  P/M  greater  than  300  were  very  stable,  and 
channels  with  P/M  values  less  than  100  tended  to  be  unstable.  Port 
Mansfield  channel  with  a P/M  value  of  38  is  well  within  the  range  of 
unstable  inlets,  tending  toward  deposition,  and  the  channel  entrance 
shoaling  is  correctly  predicted. 

The  two  analytical  methods  presented  will  give  a gross  indication  of 
channel  stability.  For  a detailed  analysis  of  why  the  channel  is  unstable, 
equilibrium  criteria  proposed  by  Escofx'ier  (1940)  and  amplified  by  O'Brien 
and  Dean  (1972)  can  be  used.  Escoffier  assumed  a critical  velocity, 
existed  which  was  just  sufficient  to  initiate  bedload  transport  in  an 
inlet  channel.  If  the  mean  velocity  at  the  peak  of  the  ebbtide  and  flood- 
tide,  that  developed  in  the  channel  was  less  than  the  channel 

would  fill;  however,  if  was  greater  than  the  channel  would 

erode.  Escoffier 's  stability  concept  is  shown  in  Figure  9,  where 
is  plotted  against  the  inlet  cross-sectional  area,  Xq  . Escoffier  sug- 
gested a value  of  3 feet  per  second  for 

Considering  the  versus  curve,  if  the  channel  area  lies  on 

the  AB  segment  of  the  curve,  any  decrease  in  channel  area  will  result 
in  a decrease  in  Vmax  and  a further  decrease  in  channel  area  toward 
closure.  If  the  channel  area  lies  on  segment  CD,  the  channel  will  erode 
toward  point  E;  if  the  area  lies  on  segment  EF,  tne  channel  will 
shoal  toward  point  E.  This  suggests  point  E is  the  stable  channel 
cross-sectional  area. 

Figure  10  is  a versus  curve  for  Port  Mansfield  channel. 

K values  were  calculated  from  equation  (1),  using  the  values  of  the  var- 
iables listed  on  page  23,  but  varying  Xq,  and  substituting  (A^/ jetty 
spacing)  for  the  hydraulic  radius,  or  in  effect  holding  the  channel  width 
constant  and  varying  the  channel  depth.  The  K values  were  used  in 
Figure  7 to  determine  appropriate  values  of  '^'max  values  were  then 

calculated  using  equation  (2) . 

The  critical  velocity  for  Port  Mansfield  channel  may  be  estimated 
from  Bruun  and  Gerritsen  (1960)  : 


^ar  ~ ^^/^s/pg  > 

where , 

C = Chezy  coefficient, 

Tg  = stability  bottom  shear  stress  (0.092  pound  per  square  foot), 
p = density  of  seawater  (slugs  per  cubic  foot) , 
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Inlet  Channel  Cross-sectional  Flow  Areo , A^. , (ft^) 

Figure  9.  Illustration  of  Escoffier's  (1940)  stability  concept 
(O'Brien  and  Dean,  1972). 
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and 


g = acceleration  of  gravity  (foot  per  second  squared) . 
Using  equation  (6)  with  (Chow,  1959); 


I 


r 


c 


1.49 

n 


r1/6 


(7) 


where, 

n = Manning's  coefficient  (assumed  0.024), 

R = hydraulic  radius  in  feet  (area  at  peak  of  curve  in  Fig.  10 
divided  by  jetty  spacing). 

was  calculated  as  approximately  3.2  feet  (0.98  meter)  per  second. 

This  generally  agrees  with  the  values  suggested  by  Fscoffier  (1940)  for 
Since  a value  of  3.2  feet  per  second  is  much  greater  than  the 
peak  of  the  actual  curve  for  Port  Mansfield  (Fig.  10),  a stable  cross 
section  is  impossible  to  achieve  with  the  present  jetty  spacing.  Even 
if  the  jetty  spacing  was  reduced  to  500  feet,  sufficient  velocities  could 
not  be  developed  to  provide  scour  of  the  channel  (Fig.  10,  dashline). 

The  instability  of  the  channel  results  from  the  large  head  loss  due 
to  friction  in  the  extremely  long  channel,  e.g.,  in  calculating  the  chan- 
nel length  required  for  stability  assuming  a ^rnax  ~ ^ar 
(0.98  meter)  per  second  and  equation  (2)  to  solve  for  These  yield 

a stability  K value  of  1.2,  and  solving  for  channel  length  in  equation 
(1)  gives  a value  of  1,755  feet  (534.92  meters).  Comparing  this  with  the 
land-cut  part  (with  Kq  = 2,886  square  feet)  of  the  channel  (15,000  feet 
or  4,572  meters)  shows  the  present  channel  length  is  too  long  and  is  the 
major  factor  prohibiting  natural  channel  stability. 

virr.  CONCLUSIONS  and  recommendations 


This  study  documents  the  hydraulic  and  sedimentary  characteristics 
of  Port  Mansfield  channel  and  evaluates  its  behavior  from  construction 
to  the  present.  Port  Mansfield  channel  is  unstable;  an  average  annual 
dredging  rate  of  about  350,000  cubic  yards  (292,794  cubic  meters)  per 
year  is  necessary  to  maintain  design  channel  dimensions.  The  major  areas 
of  deposition  in  the  channel  are  in  the  Laguna  Madre  section  and  at  the 
gulf  entrance. 

Predictions  of  inlet  stability  using  the  versus  A^  relationship 

developed  by  Escoffier  (1940) , the  prism  versus  area  relationship  devel- 
oped by  O'Rrien  (1969),  and  the  ratio  of  tidal  prism  to  the  net  annual 
longshore  transport  developed  by  Bruun  and  Gerritsen  (1960),  were  found  to 
predict  the  unstable  nature  of  the  channel. 
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After  jetty  construction  in  1962,  the  south  (updrift)  beach  accreted 
significantly  for  2 to  3 years,  with  concurrent  erosion  on  the  north 
(downdrift)  beach.  However,  the  accretion  and  erosion  subsequently 
decreased  and  the  beaches  achieved  a relatively  high  degree  of  stability. 

Substantial  bypassing  was  achieved,  and  measurements  indicated  a corre- 
sponding increase  in  the  entrance  channel  shoaling  rates.  By  1975,  the 
beach  adjacent  to  the  south  jetty  had  migrated  seaward  1,250  feet  (381 
meters)  from  its  1957  position,  while  the  north  beach  receded  320  feet 
(97.6  meters) . 

The  hydraulic  capacity  of  Port  Mansfield  channel  was  investigated  by 
computing  Keulegan's  (1967)  coefficient  of  repletion  for  the  inlet-bay 
system.  The  repletion  coefficient,  0.57,  indicated  that  because  of  chan- 
nel and  bay  geometry  and  the  gulf  tidal  characteristics,  filling  of  the 
bay  was  incomplete.  The  volume  of  water  exchanged  through  Port  Mansfield 
channel  was  small  when  compared  to  the  volume  of  Laguna  Madre  (<1  percent). 

Thus,  the  channel  did  not  significantly  affect  circulation  and  water  qual- 
ity in  the  bay.  However,  sufficient  water  is  probably  exchanged  to  pre- 
vent exceedingly  high  salinities  from  developing  near  the  bay  end  of  the 
channel . 

A wave  climatology  for  the  inlet  area  was  summarized  by  calculating 
a deepwater  mean  wave  height  and  period  for  each  of  the  major  onshore 
wave  directions.  The  dominant  direction  of  wave  approach  at  Port 
Mansfield  channel  is  from  the  southeast,  with  a mean  significant  wave 
height  of  3.5  feet.  Using  the  longshore  component  of  wave  energy  flux 
to  calculate  the  longshore  transport  rate,  a net  transport  rate  of  164,250 
cubic  yards  (125,586  cubic  meters)  per  year  to  the  north  is  predicted, 
with  a gross  transport  rate  of  1,091,250  cubic  yards  (834,370  cubic  meters) 
per  year.  A net  rate  of  300,000  cubic  yards  (228,000  cubic  meters)  per 
year  was  given  by  Hansen  (1960) . 

With  the  present  jetty  spacing  and  channel  length,  a stable  channel 
cross  section  is  impossible  to  achieve.  Velocities  developed  in  the 
channel  are  insufficient  to  provide  natural  scour  because  of  large  head 
losses  resulting  from  friction  in  the  extremely  long  channel.  The  inter- 
cepted longshore  transport  greatly  exceeds  the  channel's  sediment  trans- 
port capability,  resulting  in  extensive  shoaling.  To  hydraulically 
optimize  the  channel,  the  cross  section  would  have  to  be  reduced  to  about 
7,000  square  feet  but  the  resulting  average  depth  of  7 feet  would  conflict 
with  navigation  requirements. 

To  reduce  dredging  costs,  studies  are  necessary  to  determine  the 
feasibility  of  extending  the  south  jetty  or  providing  a mechanical  by- 
passing system  for  transferring  sediment  to  the  downdrift  beach. 
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APPENDIX  A 


VELOCITY  MEASUREMENTS,  DISCHARGE 
AiMD  TIDAL  DATA  FOR  12  AND  13  MAY 


CURVE, 

1962. 
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Figure  A-1.  Cross  section  of  Port  Mansfield  channel,  station 
10+000,  12  May  1962. 


Figure  A-2.  Observed  tidal  levels  and  flow,  Port  Mansfield 
channel,  12  and  13  May  1962. 


VELOCITY  MEASUREMENTS,  DISCHARGE  CURVE, 
AND  TIDAL  DATA  FOR  1 AND  2 AUGUST  1962. 


] 


Elevation  MSL  (ft) 


Oletonce  (ft) 

l-igure  B- 1 . Ooss  section  of  Tort  Mansfield  cliannc  1,  stnt  i on 
10+000,  2 August  19()2. 


I-'igurc  B-2.  Observed  tidal  levels  and  flow,  Port  Mansfield 
channel,  1 and  2 August  1962. 
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Figure  B-3.  Plot  of  velocity  versus  time  at  station  A 
1 and  2 August  1962. 
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Figure  B-4.  Plot  of  velocity  versus  time  at  station  B, 

1 and  2 August  1962. 
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Figure  R-5.  Plot  of  velocity  versus  time  at  station  C, 
1 and  2 August  1962. 
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APPENDIX  C 

VELOCITY  MEASUREMENTS  AND 
DISCHARGE  CURVE  FOR  18  AND  19  DECEMBER  1962. 
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Figure  C-3.  Plot  of  velocity  versus  time  at  station  B, 

18  and  19  December  1962. 
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Figure  C-4.  Plot  of  velocity  versus  time  at  station  C, 

18  and  19  December  1962. 
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Figure  C-5.  Plot  of  discharge  versus  time, 
18  and  19  December  1962. 
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APPENDIX  D 

VELOCITY  MEASUREMENTS,  DISCHARGE  CURVE, 
AND  TIDAL  DATA  FOR  12  AND  13  JUNE  1963. 
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Figure  D-4.  Plot  of  velocity  versus  time  at  station  B, 

12  and  13  June  1965. 
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Figure  D-5.  Plot  of  velocity  versus  time  at  station  C, 
12  and  13  June  1963. 
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APPENDIX  E 


SHORELINE  CHANGES  AND  CHANNEL  SHOALING  DATA 

Appendix  E presents  details  of  changes  in  the  channel  hydrography 
using  fill  and  scour  maps  and  aerial  photos.  The  fill  and  scour  maps 
are  based  on  channel  cross  sections  taken  at  100-foot  (30.5  meters) 
intervals  from  stations  10+00.00  to  400+00.00.  The  maps  were  constructed 
by  plotting  the  difference  in  elevation  between  two  cross  sections  taken 
at  the  same  location  at  different  times.  Isolines  of  deposition  and  ero- 
sion were  drawn  and  volumetric  changes  within  the  channel  were  determined 
for  various  channel  reaches.  Discussion  of  changes  in  shoreline  config- 
uration is  based  on  periodic  beach  profile  surveys  taken  adjacent  to  the 
gulf  entrance  jetties. 

1.  1957  to  1959. 

Figure  E-1  shows  a fill  and  scour  map  of  Port  Mansfield  channel  from 
stations  30+00.00  to  400+00.00  (Fig.  3)  for  September  1957  to  June  1959. 
Shoreline  surveys  from  September  1957  to  April  1962  are  shown  in  Figure 
E-2. 


The  channel  was  cut  through  Padre  Island  on  23  September  1957  with 
the  adjacent  gulf  shoreline  located  near  station  00+00.00.  Two  survey 
periods  (September  1957  to  June  1959  and  December  1957  to  June  1959) 
were  used  to  document  changes  in  the  entire  channel.  Since  cross  sections 
were  not  obtained  at  the  channel  entrance  immediately  after  dredging,  the 
fill  and  scour  map  in  Figure  E-1  extends  only  from  stations  30+00.00  to 
400+00.00.  The  first  survey  of  the  channel  to  include  the  entrance  was 
taken  in  December  1957.  However,  because  of  the  rapid  deposition  which 
had  occurred  between  September  and  December  1957,  the  December  survey 
could  not  be  used  as  the  base  survey  for  the  entire  channel.  Watts 
(1960),  in  a report  to  the  Committee  on  Tidal  Hydraulics,  gave  a deposi- 
tion rate  of  26  cubic  yards  (19.88  cubic  meters)  per  foot  of  channel  per 
year  from  stations  07+25.00  to  40+00.00  for  December  1957  to  June  1959. 
Deposition  rates  for  various  channel  reaches  from  stations  30+00.00  to 
400+00.00  for  September  1957  to  June  1959,  including  the  total  amount  of 
material  deposited,  are  shown  in  Table  E-1. 


Table  E-1.  Deposition  rates  for  sections  of  Port  Mansfield  channel, 
September  19S7  to  June  1959. 


Deposition  rate/ft 
of  channel/yr 

Total 

Deposited 

station 

yd  5 

yd  3 

30*00.00  to  150*00.00 

8.6 

6.5 

175,240 

133,989 

150*00.00  to  160*00.00 

-5.0 

3.8  (Erosion) 

-8,444 

6,456 

160*00.00  to  320*00.00 

9.2 

6.9 

249,194 

190,534 

320*00.00  to  400*00.00 

13.2 

10.0 

180,194 

137,776 

Overall  avg. 
Total 

9.5 

7.2 



640,628 

489,842 
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Figure  F.-2.  Mean  sea  level  shoreline  surveys  from  September  1957  to 
April  1962. 


In  general,  tlie  tic]’'OS  i t i on  rates  for  the  cliannel  increased  towai'ds 
tlie  mainland  with  an  average  deposition  rate  of  9.5  cubic  yards  (~.2G 
cubic  meters)  per  foot  of  channel  pei’  year  from  stations  50+00.00  and 
100+00.00.  The  deposition  between  stations  50+00.00  ;uul  150+00.00  is 
assumed  to  be  largely  material  carried  into  the  channel  from  the  gulf  by 
waves  or  currents.  However,  since  this  was  the  land-cut  part  of  the 
channel,  the  large  migrating  sand  dunes  on  Padre  Island  also  may  have 
contributed  windblown  sand  to  tlie  channel.  Sliort-term  field  studies 
indicate  a rate  of  4 cubic  yards  per  year  per  foot  of  beach  for  windblown 
S£(nd  transport  in  tiiis  area  (b.K.  Woodard,  personal  communication,  197bj. 
I'.xcept  for  local  erosion  of  the  channel  banks,  the  only  erosion  within 
the  channel  was  between  stations  150+00.00  and  160+00.00. 

ibe  hirgest  sho.aling  rate  in  the  channel  occurred  in  the  Laguna  Madre 
section,  from  stations  520+00.00  to  400+00.00.  Tliis  deposition  apparently 
resulted  from  wind-dri\-en  waves  or  currents  in  Laguna  Madre,  which  may 
luive  actively  eroded  the  spoil  banks  south  of  the  channel. 

Hie  extensive  recession  of  the  shoreline  between  September  1957  and 
.January  1958  (Fig.  L-2)  was  initiated  by  storms  that  occurred  in  Novemlier 

1957  dlansen,  1960).  The  shore  ends  of  the  north  and  south  jetties  were 
flanked  by  124  feet  (57.80  meters)  and  288  feet  (87.78  meters),  respec- 
tively. 

After  the  period  of  severe  recession,  tlie  beach  south  of  the  jetties 
accreted  significantly  through  December  1959,  with  the  mean  sea  level 
(MSL)  contour  advancing  about  728  feet  (221.89  meters)  seaward  along  the 
south  jetty.  North  of  the  inlet,  the  beach  accreted  from  the  .January 

1958  condition,  with  an  advance  of  the  MSL  contour  of  generally  less 
than  100  feet  (50.5  meters). 

Within  the  channel  entrance  the  influx  of  littoral  material  was, accel- 
erated by  the  continuous  subsidence  of  the  tetrapod  jetties  and  the  clian- 
nel  entrance  began  to  meiinder  southward  near  the  base  of  the  jetties. 

2.  1959  to  1962. 

Figure  F.-5  shows  a fill  and  scour  map  for  the  Port  Mmisfield  channel 
from  stations  10+00.00  to  400+00.00  for  .June  1959  to  April  1962.  Deposi- 
tion rates  for  various  channel  reaches  from  stations  10+00.00  to  400+00.00 
for  .June  1959  to  April  1962,  including  the  total  amount  of  material  depos- 
ited, are  shown  in  Table  L-2. 


Tibl«  E-2.  Deposttlon  riten  for  section;  of  Port  Minefield  chinnei, 
June  1959  to  *prl 1 1962 . 


Deposition  r«te/ft  of 
channel /vr 

Total 

Deposited 

5t*Hons 

*’ 

>-d> 

10*00.00  150*00.00 

6.5 

6.50 

557.722 

258,222 

150*00.00  520*00.00 

2.’ 

2.06 

129.520 

999.051 

120*00.00  400*00.00 

1,9 

1 45 

42,925 

52,820 

Overell 

flVK  4.4 

Totel 

1.56 

510,167 

590  ,074 

The  sliualin^',  rate  for  the  entire  el'annel  t'roin  stations  lO  + UO.UU  to 
•lOil  + OO.  t)0  i\as  l.t  euhie  >'ari.ls  (3.. "it)  cu!)ie  rieters)  per  foot  of  channel 
per  year.  This  is  a sij;nificant  decrease  from  the  ‘d.5  cul)ie  cards 
(-.Jt)  euhie  i::eters)  jier  foot  of  ehannel  per  >’car  experieneed  hetv-.een 
l'.)5"  and  1959.  Deposit  ional  rates  in  the  channel  decreased  toward  the 
mainland,  again  a significant  change  from  the  previous  survey  periods. 

The  extensive  deposition  along  the  nortlicrn  part  of  the  channel  between 
stations  1 10  + 00.00  and  150  + 00.00  resulted  frora  a meander  in  tlie  channel 
entrance.  Since  the  cliannel  entrance  was  closed  for  d"  percent  of  the 
surve\'  period,  tliis  deposition  iaa\-  have  resulted  from  windblown  sand  froiii 
Padre  Island,  which  during  open-entrance  conditions,  is  distributed  along 
the  channel  by  tidal  currents.  B\-  1960,  tlie  meander  and  a corresponding 
reduction  in  flow  area  s i gn  i f i cant  1>'  reduced  tlie  tidal  exchange  tlirougli 
tile  inlet.  The  inlet  throat  in  1900  was  limited  to  depths  of  4 to  5 feet 
(.1.92  to  1.52  metersj  . The  reduction  in  both  flow  area  and  tidal  currents 
is  likely  to  liave  resulted  in  a decreased  supply  of  littoral  material  to 
interior  regions  of  tlie  channel  as  shown  by  the  progressive  landward 
decrease  in  dejiosition  in  Table  H-2.  The  channel  was  completely  closed 
b>-  Januaiyv  1961,  and  construction  of  the  new  Jetties  was  underway. 

The  channel  entrance  (Pig.  li-4)  was  briefl>’  opened  in  October  1961 
b_\-  a combination  of  storm  surge  currents  and  wave  action  from  Hurricane 
Carla  (Hayes,  1967).  The  new  jetties  were  under  construction  at  the  time, 
and  completed  parts  were  not  damaged.  However,  consideralile  erosion  and 
displacement  of  filler  and  core  stone  occurred  at  the  incompleted  areas; 
most  cover-stone  (armor)  material  remained  undisturbed.  The  effect  of 
Carla  on  the  Port  Mansfield  shoreline  area  is  sliown  in  Figure  P-2.  The 
general  recession  of  the  south  (October  1961 ) MSL  contour  averaged  about 
80  feet  (24.. 58  meters)  from  the  August  1961  position,  while  tlie  nortli 
(October  1961)  MSI,  contour  retreated  about  160  feet  (48. meters). 

The  entrance  channel  Jetties  and  dredging  of  the  channel  were  com-  j 

pleted  by  May  1962;  the  postconstruct  ion  condition  is  shown  in  I'igure  j 

E-5.  j 

5.  1962  to  1965. 

'I'he  extensive  dej)osition  which  occurred  in  tlie  channel  entrance  (from 
stations  -40+00.00  to  00  + 00.00)  between  Ma>’  1962  and  i'ebruary  1965  is 
shown  in  Figure  P-6.  Annual  shoreline  changes  from  April  1962  (before 
the  inlet  opening  in  Ma>')  to  August  1965  are  shown  in  Figure  F.-7. 

Over  tlie  10-month  period  after  the  inlet  opening,  152,000  cubic  yards 
(100,927  cubic  meters)  of  material  were  deposited  within  the  regions 
shown  in  Figure  F.-6,  witli  an  average  slioaling  rate  of  4."  cubic  \'ards 
(5.59  cubic  meters)  per  foot  of  cliannel  per  month.  The  heav\'  deposition 
near  station  00+00.00  probably  resulted  from  wave- induced  erosion  of  tlie 
channel  banks.  A bar  across  the  channel  between  the  offshore  ends  of 
the  jetties  was  another  area  of  significant  deposition.  A further 
investigation  of  channel  shoaling  during  this  period  proved  impractical 
due  to  the  periodic  dredging  of  the  channel  entrance  (Table  F.-5). 

The  November  1962  sliorcline  inside  the  channel  entrance  shows  a re- 
cession of  approximately  648  feet  (197.51  meters)  on  the  south  hank  and 
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Figure  F:-4.  Photos  of  Port  Mansfield  channel  entrance,  before  and  after  Ilurric.ine  Carl.) 
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Mean  sea  level  shoreline  surveys  from  April  1962  to 
August  1965. 
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472  feet  (113. 8”  meters)  on  the  north  hank  from  the  openin”  eoiulitions 
in  Ma\’  19()2.  I'his  rcces.sion  re.sultcd  from  waves  breaking;  witliin  the 
channel  entrance. 

Kece.s.sion  of  the  chajinel  hanks  between  the  jetties  was  so  severe  tliat 
jetty  flanking  became  a distinct  possibility.  'Iliercfore,  stone  revetment 
to  protect  the  banks  was  tied  into  tlie  toe.s  of  the  jetties  in  ,\pri  1 1905. 

Figure  F-7  shows  an  advance  of  the  MSI,  contour  of  approxi mate  1 >'  240 
feet  (73.15  meters!  along  the  outside  of  the  south  jett>'  between  19o2 
and  1905,  and  a general  recession  adjacent  to  the  north  jetty,  llie  fil- 
let south  of  the  channel  achieved  apjiroximate  equilibrium  conditions  in 
the  position  of  the  MSL  contour. 

4.  1907  to  1975. 


The  annual  shoreline  changes  from  .August  1907  to  September  1975  are 
shown  in  Figure  C-8.  general  recession  of  the  shoreline  between  .August 
and  October  1967  occurred;  the  north  slioreline  recoded  200  +'eet  (60.90 
meters!  and  the  south  shoreline  retreated  alsout  100  feet  (30.48  meters). 
'Htese  changes  were  caused  by  storm  surge  and  waves  and  currents  asso- 
ciated with  the  passage  of  Hurricane  Beulah  across  the  southern  tip  of 
Texas  on  20  September  1967.  .Although  the  effect  of  Beulah  on  the  channel 
itself  was  not  quantitatively  documented,  strong  ebb  currents  prevailed 
for  several  days  afterward  due  to  heavy  rains  in  the  interior.  There- 
fore, considerable  scour  of  the  channel  probably  occurred. 

•After  the  severe  erosion  caused  by  Hurricane  Beulah,  both  the  north 
and  south  beaches  accreted.  By  .August  1968,  the  north  beach  shoreline 
advanced  seaward  about  200  feet  (61  meters)  near  the  jett>’  while  the  south 
beach  shoreline  advanced  generally  less  than  50  feet  (15.2  meters!.  The 
1969  survey  shows  little  change  in  the  south  beach  shoreline,  although 
the  north  beach  receded  about  150  feet  (45.7  meters!  except  at  the  jett>'. 
By  19"’ 1 , the  south  beach  had  accreted  a maximum  of  120  feet  (36.6  meters!, 
and  the  north  beach  continued  to  erode  with  a recession  oT  about  420  feet 
(128  meters)  near  the  jetty.  'Hie  1972  survey  indicated  general  erosion 
of  both  north  and  south  beaches  in  the  immediate  vicinit>'  of  the  jetties. 
'Hie  1973-"5  surveys  showed  little  change  in  the  M.51,  shoreline  position 
adjacent  to  the  south  jetty.  The  shoreline  advance  on  the  south  beach 
was  less  than  60  feet  (18.3  meters!  during  this  period.  The  MSI.  shore- 
line position  immediately  adjacent  to  the  north  jetty  fluctuated,  with 
no  net  change  in  the  shoreline  position  form  1972  to  IH^.S. 

Hie  influence  of  the  jetty  system  on  the  shorelines  adjacent  to  the 
inlet  is  shown  in  Figure  F.-9.  Note  that  the  same  general  trends  in  ero- 
sion and  accretion  occur  over  9,000  feet  (2,745  meters!  from  the  channel 
on  both  the  north  and  south  beaches. 
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